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TABLL I 

Symbols and Units Used. 

Area of duct utistrcan of noizle, sq. ft. 

Ao Aren of nozzle throat, sq. ft. 

Af Face area of test section, so. ft. 

Aj[ Inside cross-sectional area of finned tube, sq. ft. 

B Ratio of outside surface to inside surface of finned tube. 
C Nozzle discharge coefficient. 

Cp^ Specific heat of dry air, Btu/lb. - deg. F. 

Cpg Specific heat of superheated water vapor Btu/lb. - deg. P 
Cpjjj Hunld specific heat, Btu/lb. - deg. P 

Mean diameter of duct upstream of nozzle, ft. 

D2 Diameter of nozzle throat, ft. 

Dj^ Inside diameter of finned tube, ft, 

f,. Film coefficient of heat transfer between the internal 
‘ surface of the tube and the fluid flowing Inside. 

Btu/hr. - sq. ft. (internal surface) - deg. F ‘ 

f Film coefficient of heat transfer between the e>:ternal * 

^ surface of the tube and the air flowing outside. 

Btu/hr, - sq. ft, (external surface) - deg, P 
Note; Subscript o, (ffi)o^ denotes observed coefficient; sub- 
script c, (fj:i)Q^ enotea computed coefficient. 

hal Enthalpy of air and attendant water vapor at entrance to 
test section, Btu/lb. 

h ,, Enthalpy of air and attendant water vapor at exit from 
test section, Btu/lb. 

Enthalpy of condensed water from tube surface corres- 
ponding Xjo tg, Btu/lb. 

h^]^ Enthalpy of cooling water at tube inlet, Btu/lb. 
hfo Enthalpy of cooling' water at tube outlet, Btu/lb. 



f-.'xrtlal pressure of dry air In duct at upstream side of 
nozzle, lbs./s<l* In* 

Barometric pressure, Ibs./sq. In, 

Static, pressure at nozzle Inlet, Iba./sq. In. 

Partial pressure of water vapor In duct at upstream aide 
of nozzle, Ibs./sq. In. 

Static presBui’e drop across nozzle, Ibs./sq. In. 

Rate of dry air flow through nozzle, cu. ft ./min, 

?^ato of flow of dry air at standard conditions, cu.l't./mln. 
(70 deg. F’, 29.92 Ina. Hg. Bar.) 

Rate of flow of mixture tnroxigh nozzle, cu.ft./mln. 

(Note: = On) 

Heat removed from air by cooling water Btu/hr. 

Heat transferred to cooling water, Btii/hr, 

Gas constant for dry air r 53.35 ft. lb. /lb. - deg, F. 
Reynold's Number 

Outalde surface of finned tube, sq. ft. 

Inside surface of finned tube, eq, ft. 

Dew point of entering air, dog. F 

Dry bulb temperature at nozzle, deg. F 

Air temperature at nozzle, deg, F absolute. 

Dry bulb temperature at Inlet to plenum chamber, deg. F. 

Wet bulb temperature at Inlet to plenum chamber, deg. F. 

Dry bulb temnerature at Inlet to test section, deg, F. 

Wet bulb t'^mperature at inlet to teat aeotlon, deg. F. 

Dry bulb temperature drop across test section, deg. P. 

Dry bulb temperature at outlet of test section, deg. F. 

Wet bulb temperature at outlet of test section, deg. F. 

Dry bulb temperature at exhaust from duct, deg, F. 

Wet bulb temperature at exhaust from duct, deg. F. 

Temperature of condensate from tube, deg. P. 



tg Tube sji-'‘ace tern ercCure, P. 

at Inlet, tj ^5 at outlet, t^2, ^s3 ^a4, Inter- 

mediate surface temperotures ) . 

Coollnpj water Inlet tempernture, deg. F. 

t,^2 Cooling water outlet temnerature, deg, F. 

t,^ av Average cooling v/ater temoerature, deg. F. 

(tg - Mean temoerature dl/ference between tube surface 

and water, deg. F. 

Vf Face velocity of dry air, ft. /min. 

Vfg Face velocity of dry air at standard condltlona, ft. /rain 

V.jy Velocity of water through tube, ft. /sec. 

^aN Specific volume of dry air at nozzle inlet, cu.ft./lb, 

v,^j^ Specific volume of mixture of dry air p*nd v/ater vapor at 
nozzle inlet, cu.ft./lb. 

Vg^d Specific volume of dry air under standard conditions of 
tenoerature and preavsure r 13.37 cu. ft. /lb, 

F'.nte of flow of dry air, lb a. /rain. 

Rate of flow of mixture, lbs. /min. 

Rate of flow of cooling water, lbs. /rain. 

Specific huraldity^ lbs. v;ater vaoor per lb. dry air. 

Specific humidity at inlet to teat section. 

Specific humidity at outlet of test section. 

Kinematic viscosity of water, sq.ft. /sec. 

Density of dry air, Ibc./cu. ft. 

Density of water vapor, Ibs./cu. ft. 

Density of mixture, Ibs./cu. ft. 

Density of dry air at standard conditions a 0.075 • 

Sigma function, 8tu/lb. dry air. 

(subscript "1" refers to entering and ”2'* to exit 
conditions of test section). 
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SUMMARY 

OBJECT: Tlali Investigation Into the heat transfer Involved 

In the use of chilled water to cool air had a two-fold 
purpoee: to Investigate th^ behavior of the refrigerant 

film coefficient at different rates of water and air flow 
and under different air anh. water conditions; and to In- 
vestigate the feasibility of using a small test set-up to 
achieve results which could be extended to a full coll. 
METHOD: A teat set-up ns nearly In accord with A.S.R.E* 

Test Codes as possible was designed. Sufficient data were 
obtained In the fifteen thirty-minute rune to determine 
the state of the air at each end of the test section and 
the temperature of the water at Inlet and outlet. The 
water rate was determined by a wel^ barrel axxd the air 
flow by a standard nozzle and standard A.S.lf,E, dlsoharge 
coefficient curve. The tube surface temperatures were ob- 
tained by imbedded thermocouples and the temperature drop 
of the air across the test section was obtained by six 
thermocouples In series. 

The original plan of work called for using one, two, 
and three finned tubes end cooling the Inlet water; the 
time limit prevented fulfillment of this plan. Tap water 
was used throughout with no cooling apparatus; runs were 
made with one finned tube only. 
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RESULTS: From the quf^ntltatlve reaults of Table II, Chapter 

IV, the following formulae were developed: 



Both formulas were obtained from log-log plots. 

Ae a supplementary result of this experiment, a graphical 
means Is presented In Appendix E of determining the specific 
volvime of dry air, which simplifies the calculations Involved 
In finding the mass rate of flow of dry air In a duct, 
CONCLUSIONS: Water velocity Is unquestionably the greatest 

factor In determining the refrigerant film coefficient. The 
above empirical formulas disagree with those presented In the 
literature to a sufficient extent to warrant further Investi- 
gation. The experimental procedure appears to be eatlsfaotory 
for determining film coefficients but more precision In tem- 
perature measurements Is necessary. 

RECOML'ENDATIONS; Further Investigation should be carried out 
using multiple tubes and a greater range of water temperatures. 
A larger blower would permit runs to be made at approximately 
H50, 600, and 750 feet per minute standard air velocity. The 
Installation of thermocouples in^ series In the inlet and outlet 
water ends and use of a more precise potentiometer would permit 
a Chech between the heat transfer on the water and air aides. 

It Is expected that agreement will be close. The nozzle should 
be calibrated with a pitot tube traverse to confirm accuracy 
of air flow measurements for future experimental work. 
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II 

INTRODUCTION 

The advent of extended surface cooling coils Into the 
field of air conditioning complicated the problem of coll 
ratings and the calculation of nerforraance after the ratings 
were established. A solution to this problem has been at- 
tempted primarily in two ways; by means of an overall coeffi- 
cient of heat transfer and by means of Individual surface 

film coefficients for air and’ refrlgeront or surface temoer- 
ature. 

The first solution, commonly known ns the "brute strength 
method," Involves numerous tests and much data In the form 
of tables or curves for each specific coll that Is to be 
rated. Although this method can be used to predict the per- 
formance of colls which are similar to the one tested. It 
lacks the flexibility of application to colls of different 
physical characteristics. The quantity of testing Involved 
has caused the method to give way to the second approach 
using more exact heat transfer theory. Only a few tests are 
required to rate a coll over Its entire operating range; cal- 
culations of performance ar*^ more difficult than with the 
direct method but the test results are more generally appli- 
cable to other colls, 

Ooodman (8) first used this approach In 1936 with an 
Ingenious application of Lewis' so-called "straight line 
law." His orooedure was to hold the refrigerant velocity 
constant so that the refrigerant film coefficient was 





► 




] 



.1 








easentldXiy const^yit; th© air film coefficient varied ae 
the air velocity raised to some po^er ( r const. X 7^). 

By measuring the overall coefficient of heat transfer and 
using McAdams' (4) graphical analysis, he found the necessary 
constant and exponent, hence the air film coefficient. Tuve 
and Selgel (9) (10) worked during the same period on a new 
theory, the "humidity method," v/hlch they presented in final 
form In 1945. Both air and refrigerant film coefficients 
were found by the same procedure that Goodman used for deter- 
mining the air side coefficient: first holding the air side 

coefficient constant and allowing the refrigerant side coeffi- 
cient to vary, then reversing the procedure. 

In both of the above methods the emphasis was on the 
overall problem of calculating coil performance. The evalua- 
tion of the film coefficients, particularly on the refrigerant 
side, was only a means to the end. Because of the difficulty 
In obtaining a true surface temperature, measurement was made 
of the overall coefficient of heat transfer for use with Mc- 
Adams' analysis to find the air side coefficient. Goodman 
presented no method for evaluating the refrigerant film coeffi- 
cient; Tuve and Selgel assumed that it varied as the refrigerant 
velocity raised to the 0.8 power, with a different constant for 
each type of coll. In the ASHVE Guide (6), an empirical for- 
mula relates the refrigerant film coefficient to refrigerant 
velocity raised to the 0.8 power but allows the constant to 
vary slightly with average refrigerant temperature. 



A vRrlp*tlon In Uie value of the refrltjerant flln coeffi- 
cient can have a great effect on the accuracy of coll per- 
formance calculations; the published range was considered too 
broad to be correct. In view of the lack of reported experi- 
mental results, this work was undertaken to examine the be- 
havior of this coefficient under various conditions. One 
object, therefore, of this experimental work was to aupple- 
raent and corroborate the existing data for this Important air 
conditioning application of the use of water In air cooling. 
Another object was to evaluate the accuracy of the results 
from a small test set-up such as was used in the experimental 
work. 

Every effort has ber.n made to maintain the symbols and 
unite of Table I throughout the theele report. Hie one neces- 
sary exception to uniformity Is In Table IV, Appendix C, which 
has an explanatory note. Figures V, VI and VII of Appendix A 
show details of the equipment and are the plans from which the 
major units were fabricated by the Boston Maval Shipyard. 
Figures VIII, IX and X, Appendix A, are photographs of the 
equipment as mounted in the laboratory for tost runs. 

The Aerofln coll was selected as a typical example of 
an extended surface tube used In elr conditioning applica- 
tions. Ttie physical properties of the coll are summarized in 
Table III of Appendix A. In working with one tube Instead 
of with a coll composed of several lengths of tube, many pre- 
cautions were necessary to reduce heat losses which might 
amount to a large percentage of the heat transfer Involved 



In the teat inina. T^;o typical precautions were the aluminum 
foil Inaulatlon on the teat section to reduce conduction and 
radiation and the mounting of the tube in flberboard to pre- 
vent any contact between the tube and duct walls. 

It is hoped that the accuracy of the results and the 
comparative ease of procedure will malte the methods used in 
the experimental work of value in determining performance 
characteristics of extended surface tubes and coils. The 
quslltatlve results and. rGComraenclatlons of Chapters V, VI, 
and VII will perhaps be of sufficient merit, in any case, to 
extend the knowledge of the subject of cooling with a variable 
refrigerant temperature. 



CHAJTKh III 
PROCEDURE 

A series of runs w&a made at ns fcjreat a Vr?.rlatlou In 
Inlet air conditions, air velocity and water velocity as the 
equipment would permit. The runs were usually of 50 minutes* 
duration with data recorded every five nlnuteo. These data 
are sunnarlred in Tables IV and V of Appendix C, The location 
of all raeasurlng equipment la shown in Figure I and details 
are shown in Figure XI of Appendix 3. 

All temperatures were measured by copper-conetantan 
thermocouples, static pressure and oressure drop across the 
nozzle by inclined Ellison draft gages with a range of one 
inch of water, the flow of water by a weigh tank and the flow 
of a.ir by the static pressure drop across a standard nozzle. 

By means of the aspirating ooychrometer at the plenum inlet, 
the apeclflc humidity at the equipment inlet, hence at the 
test section inlet, vms determined. This fact plus the dry 
bulb temperature obtained from the thermocouple located at 
the teat section inlet determined the state of the air at 
the inlet to the test section. The differential thermocouple 
across the test section accurately measured the temyoerature 
5rop in .the air stream, and permitted simple computation of 
the dry bulb temperature at the test section outlet. Tne 
state of the air leaving the teat section wae determined by 
the dry bulb temperature and specific humidity at that point. 
This specific humidity was the same as that of the nlr leaving 
the equipment and was obtained by an aspirating osychroraeter 



at Uie equipment outlet. 

because Oj. the lack of time and extreme difficulty in 
placinfc, ther.nocouples on the inner surface of a small diam- 
eter finned tube, the temperature drop through the tube wall 
Was assumed to be negligible. This assumption is usually 
made in developing formulas for coll performance and in od- 
talnlng the film coefficients in thln-wallod copper tubes. 

Ihe five surface temporature tiiermocouplea were imbedded in 
the tube surface in slots at equal distancea along the length 
of the tube from inlet to outlet side. 

Ihe temperature of the air at the upstream side of the 
nozzle was assumed to be the same as at the outlet of the 
equipment. A small variation would nave little effect in 
computing the specific volume of the dry air and of the 
mixture of dry air and water vapor. In the tabulated results 
of Chapter IV mass rates of flow of dry air and of the mix- 
ture are j^lven; volumetric rate of flow and face velocity 
are tabulated for standard air conditions, 70 degrees Fahren- 
heit and 29.92 Inches of mercury barometer. 

Necessary deviation plots of the thereto coup lea used, the 
A.S.M.E. discharge coefficient curve for the standard nozzle 
and a table of kinematic viscosities are Included in Apperidix 
C. Ihe method of computing the results is indicated oy tlie 
sample calculations of Appendix D. 'Ihis same appendix con- 
tains the list of formulas used in the computations » 
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FIGURE I 
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CMAFTKR IV 
RESULTS 

The results obtained from calculations using the 
observed data are presented In Table II, 

Figure II shows the plot of the computed values of 
refrigerant film coefficient vs. water velocity for various 
values of the average water temperature. The empirical 
formula la Indicated on the plot. The dash line Is the 
plot of the observed value of the refrigerant film coeffi- 
cient vs. the water velocity. 

Figure III Is a logarithmic plot of the log of the 
observed refrigerant film coefficient vs. the log of the 
water velocity. The formula derived from the plot Is In- 
dicated on the Figure. 

Figure IV la also a logarithmic plot showing the log 
of the regrlgerant velocity vs, the log of the ratio of 
the water velocity to the face velocity of the air cor- 
rected to standard conditions. This plot la used to ob- 
tain the relationship shown on the Figure. 
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CBAPTEH V 

DISCUSSION OF RESULTS 

It Is a common hypothesis that a I’llm ooefflolent 
varies aa the velocity of the fluid flowing over Its sui>- 
face; In this experiment the refrigerant film coefficient 
varies with the water velocity. Though the other variables 
were not negligible, the experimental results definitely 
showed that water velocity la the major independent variable. 
The formula as presented by the ASHVE Guide* . o-s 

■^R -- ‘-5 '»• lOo] 

Indicates that the film coefficient varies as the water 
velocity raised to the 0.0 power, multiplied by a constant 
which varies slightly with the size of tube and with temper- 
ature of the water. This relation weis not confirmed by teat 
results. The film coefficient calculated by this equation 
differed considerably from the observed coefficient over 
the normal operating range and wa^ fifty percent or more In 
excess of the observed ooefflolent at higher water velocities. 
These discrepancies are shown by figure II. t 

From results of this experiment. It Is suggested that 
a more accurate relation could be obtained from a function 

of water velocity to the 0.44 power: ^ 

- ^90 (v/ur) FlCr.M: 

Film coofflolents oalculaied from this formula are much 

more consistent with observed values not only over the 

normal operating range but beyond It at both extremes as 

was tested. Since some of the points In figure III were 






rather dlepereed, It we.9 believed further that the re- 
frigerant film coefficient might he affected by varia- 
tions on the air side. Subsequently, a formula relating 
the film coefficient to the ratio of water velocity and 
standard air velocity was developed: ^ 

-- 555 (i3r\ F/t lE 

The smooth curve obtained Indicates that the refrigerant 
film coefficient cannot be declared wholly Independent 
of varying conditions of the air side. ISils deduction 
may be Justified In part by remembering that any heat 
transfer effects throtigh the tube wall were neglected, 
or more precisely, were lumped together with the refrig- 
erant film coefficient. Calculations made from this for- 
mula showed equally good agreement with observed data. 

Since the maximum air velocity obtainable, 340 feet per 
minute, Included only the lower portion of the alr-slde 
operating range, the consistency of these relations should 
be tested at various values of air velocity up to 760 feet 
per minute. Hio\x^ both developed formulas give much better 
result 8 over a broader range of water velocities than the 
formula from the Guide for this one tube, it le recommended 
that they be oompaired with data observed from various ar- 
rangements of multiple coils before final accept ance. 

» 

The uniformity of results obtained from a wide varia- 
tion of operating conditions Justifies the adequacy of using 
a small scale setup for test work. To prevent an irregular 
by-pass factor, the face area for one tube was limited to 
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approxlnately the same amount as one tube would have In 
a full coll; and meafixires to prevent heat transfer losses 
were taken aa noted In Qiapter III, If similar precautions 
are used, It la believed that results obtained from a small 
scale test cah be extended to a full ooll with good accuracy. 

One of the possible Improvements for the calculations 
In this experiment la a calibration of the nozzle used to 
measure air flow ao explained In appendix E, The area ex- 
posed to the v/ater is small and the water temperature drop 
Is very slight; It is recommended that multiple thermo- 
couples be Installed at the water Inlet and outlet, and 
that a more precise potentiometer be used for the tempera- 
ture measurements. This would furnish a check on the heat 
transfer as found from air side data. In this experiment 
a check was not possible since the water temperature drop 
was too small to be determined accurately by the potentio- 
meter used. Since only tap water was available, the be- 
havior of the film coefficient with water temperatures ap- 
proaching freezing was not Investigated, Temperature varia- 
tions were found to be relatively Insignificant but this 
should be confirmed for the lowey temperature range also. 

One discrepancy In this experiment was the Inlet and 
exit air wet bulb temperature relationship which usually 
Indicated an increase In specific humidity for the dry 
runs. After carefully shielding the psychrometers with 
aluminum foil to prevent radiation losses, a reasonable 
agreement was still lacking. This in no way detracts from 
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the results obtained. A careful check of the paychro- 
raeters with various thermocouples prior to further ex- 
perimentation will probably show reason for discrepancy. 

It is believed that adherence to t^ie recommendations 
and precautions set forth will yield good results for fully 
analyzing the behavior of the refrigerant film coefficient 
over the entire range of possible operating conditions. 

The equipment can further be used to determine air side 
film coefficients and therefore the overall coefficient 



of heat transfer 



I 



CMAPTHB VI 
CONCLUSIONS 



1. Water velocity la the variable having the greatest 

effect on the refrigerant film co efficient, 

0-8 

c t- / T ( S/ur) 

The formula Tp^ - 1-5 |_ttcrov'^ Vg ~ ^ ) 

ASHVE Guide (5) appears to be inadequate. 



3, The follo^/ing formulas; 






<290 (Vur) ^■rom Fig. Ill 



f^-555' ( ^ ^ from Pig. IV 



were found to be more consistent with observed values. 
No preference was indicated as both have equal merit 
for the range of values covered by this experiment. 



4. A small scale test setqp, properly designed and used with 
care, will give reasonable results which can be extended 
to full size colls. 






CHAPTItS^ VII 



RSCOMiifENDATIONa 

1. The equipment should he designed with a blower capacity 
and speed control sufficient to reach an air velocity 
of 750 feet per minute In uniform steps. 

5. The validity of the developed formulas should be con- 
firmed by observed data from multiple coll arrangements. 

3. The calibration of the nozzle used for measuring air 
flow should be checked by a pitot traverse for greater 

^ accuracy. 

4. Multiple thermocouples In series should be used at 
water inlet and outlet, 

6, A more precise potentiometer should be used for tempera- 
ture measurements. 

6. A water cooler should bo Included In the test equipment 
for lower \Tater temperatures. 

7. A thorough test of the aspirating psychromoters used 
should be made to Insure identical operation and recording 
of temperatures under the oame conditions. 
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appendix a 



Supplementary Introduction 

This section of the Appendix consists of Table III, 
the Properties of the Aerofln Tube used for the heat ex- 
changer, Figures V, VI and VII, the plans frora which the 
equipment was fabricated by the Boston Naval 8hlpyaj*d, 
and Figures VIII, IX and X, photographs of the Test Equip- 
ment as set up In the Air- Conditioning Laboratory at M.I.T, 



TA^LL III 



Physical Properties of Aorofln Helical-Type Fin Coil 
Tube Data; * 

Material - Copper 

O.D. - 0.625 in. 



I.D. 



0.575 ih. 



Wall - 0.025 in. 

Inside section area - 0.260 sq. In. 

Fin Data; 

Material - Copper 

Fins per inch - 7 

Ihickness - 0.00b in. 



width (Helical) - 0.675 in. 

Type of Bond - Metallic 

Surface (bq. Ft.); 

Inside per Linear Phot - 0.1505 

Outside per Linear Foot - 1.50 

Ratio Outside to Inside - 10.0 

* Outside per Sq. P^t. Face Area per Row - 12.95 

Wei^t, lo. per linear foot - 0.49 

■ gRatio, Free to Face Area - 0 . 505 

Center Line Spacing;: 

* Between Tubes - 1.59 in. 

* Between Rows -■ 1.20 in. 

* Ihese dimensions apply to staridai’d multi-row coil. 
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E.N D VILWS 

Pc 2 




Pc. 1 



12 



M 



NOTES 

I END VltVM OkNVENSK'NS (^p,e iNStOt, 

2 . MATtfllRL - STtEL Ife CrAUGE 

3. FLANGED JOINT*. TO B£- ^AAOE UP WITH 

STO GPiKET MATtRtAL ANO BOlTEO • 

ONE SIDE PLATE OF PtetE ^ TO BE REMCVASLe 
NUTS TO BL SECuatO INSIDE OUOT. 

5. DETAILS OF egg CCATE FLOW STKAICHTEN E R . PC 5. 

CN PLAN NO d. 

6, DETAILS OF NCZZILE., PC fe . ON PLAN NO 3 
7 PC-7 TO BE MOUNTED 'N PLACE OF REMOVABLE 

PLATE IN BOTTOM OF PC . d- 







ilDL VIE.W 

Pc. 2 



Pc 7 DRi-' CcLLECTDR 




PLAN NO I 

DOCT WORK fOR TEST OF PINNED TUBE. 

THESIS - COURSE XUlA-F^MIT 

R E JONES LT.US N R W KiNG LT ,U SW 
0 £C. 2 a,l 9 Aa R.w K, 
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NOTtS. 



1 TO BE. MOUNTED IN PC,^ 
5HOWN ON PLfSN NO. 
2 . IV\AT£RmL - STEEL Ife 
OA UIOHTER. 



PLAIN) NO.^ 

.5 - FLOW STRAIGHTLNER 
IS - COURSE XIII A-fe M.l.T 
_T. U.S.N, RVM. KING LT.U S.N. 

I 

^ R.sn.k . 
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NOTES-. 

I. SPIN . FROIV\ IB GAUGE ALUNVINUN\. 
d.. TO fit flange of pc. 4 ON PLAN NO. |. 
3. DRILL FLANGE FOR ^ BOLTS- 



PLAN NO 3 

DETAILS OF N\EASUAING N022LE PC. F 
THESIS ' COURSE Xn\A-fo NV.l.T. 



R E. JONES 


LT. , U, S N 


R.\N KING LT.U.S N 


DEC. 2 9, 


1948 


R.W.K. 
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FIGURE 




Arrangement of Equipment 
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FIGURE ix: 




Test Section 
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FIGURE X 




Inlet End - Differential The mo couples and Finned Tube 














9 ^ la»*T 




APPKNDIX B 



Notes on Procedure 

1. A Leeds and Northrup Indlcatlng-type potentiometer 
was used for all thermocouple readings, 

2. For runs 1 through 5 the following thermocouples 
were made up of No. 26 wire: tj^, tj', 

all others were made of No. 30 wire. The remaining runs 
were made after the thermocouples measuring tj^ and t^' 
were changed to No. 30 wire, 

3. For all runs after No. 13, the drip pan and 
thermocouple measuring t^ were removed and the flat plate 
substituted. 

4. Prior to run No. 14 the aspirating psyohroraeters 
were covered with aluminum foil in an attempt, to bring 
humidity results Into agreement. At the same time the 
pint thermos bottles, used for reference Junctions, were 
changed to the quart elze, 

5. An air washer, with discharge Into test room, 

was used for increasing the specific humidity of the inlet 
air for runs 10 through 13. 
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P’IC-URS XI 







Fig IXI Test SEcTior>i 

Showing Thc /? mocouplc J or>i ctions For Multiple 
Differential Couple Measurjng /\t and for 
Temperatures of Air lf>/ le t, t, , o Coi\io£issAT£,tc. 



APPENDIX G 



Summary of Data and Calculations 

Table IV la the sutnniary of the averab^e of the data 
as observed In the fifteen thlrty-ralnute runs. The thermo- 
couple data wore corrected by the deviation plote^ Fl^^raa 
XII and XIII, to obtain the corrected data oreaented In 
Table V. The Notes on Procedure of Appendix B list the 
thermocouple wire used for each measurement. 

The viscosity, specific volume and kinematic viscosity 
of water at low temperatures were obtained from data In 
Reference (4). 

The Coefficient of Discharge curve. Figure XIV, Is 
that for the standard nozzle In Reference (1). 
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Corrected Deta 
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TABLh VI 



Viscosity, Specific Volume and Kln*iraatlc Viscosity 



of Water at Low Temperaturea 
Data from Reference (4), pp 407 .and 415 
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ju. oentlpolses 
V ft. 3 ib.-l 
t degrees T 
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I 

The viscosity In lbs. sec,''^ fto”^ a jW X 6,72 (10““^) 

. 6.72 (10-4) 
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APPENDIX D 



Sfunple Caloulationg 

Table VII shows the formulas used In the Sample Cal- 
culations . Formula (6) was obtained from Reforcnce (7), 
Formula (19) from Reference (6), and Formula (RO) from 
Reference (6), The remaining formulas are presented In 
any standard text of air conditioning heat transfer theory. 
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VII 

FO J-.ULAS US-:.D in GOiM?UTr.TIJi;s 
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APi-.bNDIX E 



^tozale Culioration 

In Chapter V the need Tor an uccurute deterioination 
of air flov. rate ia diacusaod. Reference (7) and ite ap- 
pendixes tjive pertinent infornation on the choice of a flow 
measuring device for air and its method of culioration. Hxe 
authors of reference (7) found values of the coefficient of 
dlBCharge higher than those t,lven in figure XIV. Althougli 
their i*osults would not affect the experimental results 
shown in Chapter IV to any great extent it la dealraolo 
that a calibration curve for the nozzle installed in the 
tost equipment be obtained for any future work on the equip- 
ment. For this reason the method of calibration ia described 
in detail in the following paragraphs. 

jhe correct flow rate is assumed to be that resulting 
from the mean value of the velocity pressure as obtained 
by pitot tube traverse. Figure XV shows the locations and 
values of r (distance from the center of the duct to the 
traverse point) for an eltlit point traverse. 

A Vertical and horizontal traverse is made and the 
readings averaged for the four areas, liie mean value of 



hi» hg, hjj, and are respectively the average readings in 
inches of water of the velocity pressure of areas 1, k, 3, 



for the full nozzle 




and 4. 



Iho follov.ln^^ rormulus give Wi© accurate flo» rate; 



V = 40U6 

r V '(cross-section area of duct) 

V Velocity, feet per minute. 

h Velocity head. Inches of water at 70 degrees Fo 

X Density of actual air relative to air at 70 degrees F. 
and 29.92 inches of mercury. 

• 

Plow rate as measured by pitot tube traverse, 

^ cubic feet per minute. 

ihe pitot traverse must oe installed as far upstream 
from the nozzle r;S possible to cause a mlnlmvuR disturbance 
of flow at tiie xiozzle inlet. In test equipment used in this 
report, six to eight inches will probably give accurate re- 
sults provided that a small pitot or impact tube is used. 

Fbr each flow rate tiie pressure drop across the nozzle 
and the static pressure upstream of the xx>zzle are measured. 
Ihe quantity of air flowing through the nozzle as measured 
by the pressure drop is given by the following formula; 




Q 

^2 

Al 

Ap 



Nozzle throat area, sq. ft. 

Duct area, sq. ft'. 

Pressure drop from point p;]^ at>ove the nozzle to 
point P 2 following the nozzle, in pounds per square 
foot. 



Specific volume of air at nozzle entrance. 

Plow rate, cubic feet per second. 

= oQh Flow rate as measured by nozzle pressure 
drop, cubic feet per minute 
The Nozzle Coefficient of Discharge s C z 

Qn 



Data from several runs uBln<i the aoove pTOcedure 
caa be used to plot a curve of the coefficient of dls- 
chart,® versus the pressure drop across the nozzle (C vs 
Ap ). Then the pitot traverse can be rensoved and the flow 
rate can be determined accurately by the product of 
and C. 
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Location of TR.v/-kSk .jints 




, i.- , and are concentric equal areas. 

Dash lines divide each area into two equal areas. 
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frra;jhlcfil Method of D e termining the Soeolflo Volume of Dry Air 
In determining coil characteristics all values are based 
on the rate of flow of dry air. The opecific volume of dry 
air is a relatively easy quantity to calculate but involves 
equations (1), (2) and (3) as shown in the Sample Calculations, 
Appendix D. 

As a result of the steps necessary to determine the dry 
air specific volume, Fig. XVI was developed. The graphical 
method uses information which is determined from Instmiment 
readings; the barometric and duct static pressures, wet and 
di^f bulb temperatures for specific humidity and dry bulb 
temperature for a small correction factor since the primary 
graph la made up for 70 degrees F. The derivation of the 
expression for the specific volume of dry air involving the 
different variables follows: 
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APPEa<Dix y 



Orl^-rlnnl Data 

•Rie data obtained In accordance with the procedure 
described In Chapter III of this report were recorded In 
a conroutation notebook. This 'notebook Is In the possess! 
of Professor L. Hesselschwerdt of the Mechanloal Engi- 
neering Department. 

Table IV, Appendix C, la a sumraary of the recorded 
data averages for all test runs. 
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